alteration induced by agricultural management [4] [5] . The indicators of soil quality include soil chemical properties (i.e., pH, cation exchange capacity, nutrient reserves, ionic diffusion), physical properties (i.e., soil texture and structure, available water capacity, pore size distribution, water movement, erosion), biological properties (i.e., soil organic carbon, microbial biomass, soil biodiversity, mineralization, respiration), and the interaction between them [6] [7] .
Soil microorganisms (bacteria, fungi, actinomycetes) represent the largest fraction of organisms, both in terms of biomass and number [8] . These microorganisms play a key role in decomposing organic matter entering the soil. Microbiological processes in soil have been measured using several parameters, such as microbial biomass, respiration, and enzymatic activities. Enzyme activity is essential in both mineralisation and transformation of organic C and plant nutrients [6] . The number of biological and biochemical properties can be used as early and sensitive indicators of soil organic matter transformations and dynamics, nutrient cycling, and stress and recovery conditions in soil. Many authors are of the opinion that the measurement of soil enzymes and soil microbial communities can be used as indicative of the biological activities and natural biochemical processes in soil [6] [7] [8] [9] [10] . The numbers of microorganisms are also an indicator of changes taking place in the soil environment and plant cultivation [8] . Soil microorganisms participate in the processes that are crucial for long-term sustainability of agricultural systems [11] [12] .
Tillage practices, methods of seedbed preparation, and residue management have an important impact on soil degradation and biological activities [13] [14] . In general, soil biological properties of the surface layer are more favorable under the no-tillage method with crop residue mulch than under the plough-tillage method without residue mulch [15] . In crop rotation, plant production depends primarily on nutrient cycling in soils that are controlled by soil microorganisms and soil enzymes [16] . The long-term monoculture may change soil parameters -especially soil microorganisms and enzymes. However, in the opinion of other authors that parameter does not fully reflect the true microbiological activity of soil [13] [14] [15] [16] . A large number of soil microorganisms are inactive or incapable of growth on artificial substrates [6] . The numbers and activity of these microorganisms are determined by many biotic and abiotic factors that may stimulate or inhibit microbial activity [6] .
Maize (Zea mays L.) is one of the most important cultivated plants widely used in agriculture and industry. Numerous applications of this plant have been confirmed, mostly in agriculture and industry, where maize production may be an inexhaustible source of renewable resources [14, [17] [18] . It is known that cultivation of maize requires a lot of work and energy and commitment of many means of production. Economic and environmental considerations tend to the use of simplified tillage cultivation of maize, and even direct sowing. The biggest economic savings of maize cultivation is obtained by using direct seeding [15] . Maize is one of the plants grown increasingly in notillage while leaving crop residues on the surface of the field. Monoculture maize cultivation is being practiced in many countries. However, the effects of such a system on soil quality is not very much recognized for longterm cultivation. Research on the effects of long-term cultivation of maize in monoculture and direct sowing on changes of soil quality, vegetation, and maize yield are conducted in IUNG for many years [14] [15] [18] [19] .
The aim of this study was to investigate dynamics of the number of microorganisms and enzymatic activities in the soil in long-term monoculture of maize. Therefore, the objective of this experiment was to evaluate effects of a wide range of tillage and crop residue management treatments on changes in biological properties of soil with continuous cultivation of monoculture maize. More specifically, the objective was to assess the long-term trends in tillage-induced changes in soil biological quality, and establish possible cause-effect relationships between management practices and soil biological activities due to monoculture maize cultivation.
Materials and Methods

Field Experiment
We conducted our study in the long-term stationary field experiment established in 2004 involving maize cropped continuously and rotated with other crops. We conducted the field experiment 2004-12 at the Agricultural Experimental Station (AES) of the Institute of Soil Science and Plant Cultivation in Grabow, in Poland's Mazowieckie Voivodship (51°23'N; 21°38'E). The experimental scheme involved three treatments: maize monoculture with direct seeding (zero tillage), maize monoculture with full ploughing tillage with cultivating measures, and cultivation in crop rotation (spring barley, winter wheat, maize) with full ploughing tillage. Research at AES in Grabow was conducted on a grey brown podsolic soil formed from light loam classified as very good rye complex. The ploughing layer of soil was characterized by low magnesium content, medium potassium content, and high phosphorus content. The experiment was established with the method of long strips with a mirror image of treatments.
In the conventional tillage treatment, straw residues were left after the cob harvest and then shredded and turned under. By contrast, in the non-tillage treatment the straw was shredded but left on the soil surface. Under the crop rotation management all crop species involved were grown each year and full FYM dose was applied to maize. On dairy farms it is frequently the only species to which FYM can be applied. Maize cv. Delitop was seeded using a precision maize planter. Cv. Antek of spring barley and cv. Turnia of wheat were seeded. Nitrogen was applied to maize at a rate of 140 kg N ha -1 (70 + 70), phosphorus and potassium rates (kg ha [13, 19] . The yields of maize (plant height, weight of 1000 grains, parameters of maize cobs, plant density of harvest, grain yields of cereals) also were published [19] .
Soil Samples
Soil samples were collected according to Polish Standard PN-ISO 1038-6 [20] . Soil samples were taken for microbiological analyses at five dates: before sowing, at the six-leaf stage, 12-leaf stage, flowering, and after harvest. The soil samples in three replicates were taken from the 0-20 cm layer and sieved through a 2 mm sieve and stored in a refrigerator (4ºC) until analysis.
Bacterial Communities Analysis
The soil samples were examined for different groups of microorganisms. Microbiological counts were expressed as a number of colony-forming units (CFUs) per g of dry soil. The number of microorganisms was determined by the dilution method on agarized selective medium. The total number of microorganisms was determined by the dilution method on agarized soil extract. The total number of fungi was determined on Martin's medium [21] . The number of oligotrophic and copiotrophic bacteria also were determined [22] . The pH (in H 2 O) and water content (gravimetrically, after drying at 105ºC) also were determined.
Enzymatic Activities Analysis
The enzymatic activities were determined spectrophotometrically: soil dehydrogenase activity using TTC method [23] , phosphatase activity by p-NPP method [24] . The six gram of soil were placed in a test tube, mixed with 0.2 g CaCO 3 , 1 mL TTC (2,3,5-triphenyltetrazolium chloride as an electron acceptor), and 2.5 mL distilled water. The tubes were corked and incubated for 24 h at 37ºC. Triphenylformazan (TPF) was extracted with ethanol and the intensity of the reddish colour was measured on an Evolution 60 Thermo Scientific spectrophotometer at a wavelength of 485 nm with ethanol as a blank. All dehydrogenase activity determinations were done in triplicate and the results were expressed as an arithmetic mean.
Phosphatase activity was determined using p-nitrophenylphosphate as a substrate. The released p-nitrophenol was extracted, coloured, and measured spectrphotometrically. After the addition of buffered p-nitrophenyl phosphate solution, soil samples are incubated for 1 h at 37ºC. The p-nitrophenol released by phosphomonoesterase activity is extracted and coloured with sodium hydroxice and determined photometrically at 400 nm.
Statistical Analysis
The results were elaborated upon statistically. Oneand two-way analysis of variance (AVOVA) were used in a proper model for the experimental design, as well as an analysis of the multi-way experiment in the combined error model, finding F calculated based on the reproduced error increased by an interaction of the factor with years. Tukey's test was used to evaluate the significance of differences in the means at a significance level of p≤0.05.
Results and Discussion
Reduction in conventional elements of agrotechnology often requires the use of treatments reducing their negative habitat and production effects. This role may be fulfilled by incorporating microbiological preparations into the soil [6, [25] [26] . The post-harvest residues in direct sowing beneficially affect soil properties. Their effect depends, among other things, on the method of placing them in the soil and the dynamics of their decomposition, which is determined by a tillage system [5, 27] . More frequently used no-plough tillage and direct sowing result in leaving a large amount of post-harvest residues on the soil surface, which has an effect on their decomposition and on nutrient management. This type of tillage has a lot of organizational and economic advantages and may benefit the biological properties of the soil [6, 13] . However, this can often lead to an increase in its density and -compared with conventional tillage -is the cause of an impediment in its emergence, reduction in development of the root system, and plant yield.
The soil microflora is responsible for the decomposition and conversion of organic substances, aggregation stability, and the carbon, nitrogen, sulfur, and phosphorus cycles. A review of literature shows that the microbiological and biochemical indicators mentioned above have been used many times in studies on biological activities in soil [5] [6] 27] .
During the nine-year experimental period, total bacteria and fungi numbers were determined five times annually (Fig 1) . The highest number of bacteria was observed in soil under maize in two stages: flowering and after harvest (Fig. 1a) . The highest number of fungi was observed after the harvest of plants. Statistically significant differences in the average total number of bacteria and fungi were not observed in 2004-12 except for 2009, when there was a statistically significant increase in the total number of fungi (Fig. 1b) . This fact was mainly due to weather conditions. Considering three treatments: direct seeding (zero tillage), full ploughing tillage, and crop rotation, the highest total numbers of bacteria and fungi were observed in variants of maize cultivated in monoculture (direct seeding) (Fig. 1c) . There were no statistically significant differences in the total number of bacteria and total number of fungi in the variants of maize grown in crop rotation and full ploughing tillage. Also, the total number number of oligotrophic and copiotrophic bacteria were observed in soil under maize cultivated in the no-tillage system and maize cultivated in full ploughing tillage ( Table 1) . The copiotrophic bacteria is a specific group of soil microorganisms intensively proliferating during the flow of organic matter into the soil, mainly in the form of plant and animal remains. Therefore, their requirements are connected with a high concentration of organic components in substrates and their optimal dose is about 1 mg of soluble C/L. The highest number of copiotrophic bacteria was observed in soil under maize in monoculture (direct sowing) in flowering phase and also in soil after harvest in the same treatment ( Table 1) . As well as copiotrophic bacteria, the highest number of oligotrophic bacteria was observed in soil under maize in monoculture (direct sowing) in flowering phase harvest in the same treatment. The oligotrophic bacteria represent microorganisms that grow in environments with a low availability of organic compounds [22] . Optimal concentration of nutritive components for oligothrophs oscillates from 1 to 15 mg of solved C/L. The notion of oligotrophy refers to bacteria that grow in a poor substrate with low concentration of nutritive components only at the beginning of breeding. On the other hand, in successive sowing these bacteria also grow well in a substrate rich in nutritive components [13] .
The dynamics of soil microorganism development expressed by changes in the number of the particular groups of microorganisms settled in this environment, i.e., the total number of bacteria, fungi, actinomycetes, and many others is a measurable indicator of the biological life of soil [25] . Soil microorganisms occur in significant amounts and in great variety. Soil favours their development because they fulfil all necessary conditions for their correct growth and development. The development and activity of soil microflora are closely related to plant life. The absence of microorganisms in soil would cause the extinction of higher plants because of mineral famine, and the absence of higher plants would lead to the disappearance of microorganisms. The occurrence of microorganisms depends also on the presence of allopathic compounds secreted by plant roots as well as by mutual interactions between different groups of microorganisms in the soil [4] . Maize is characterized by a large number of root exudates, which is a very good medium for growth and development of many different groups of bacteria and fungi.
The differences in microbial communities in soils under different management were subtle rather than dramatic, and many of the measured parameters showed no consistent significant differences [25, 27] . The results of our studies also confirm this hypothesis.
The microbiological activity of soils is closely related with organic matter susceptibility to oxidation, as the processes of mineralization and humification in principle consist of oxidation reactions proceeding with the participation of enzymes [4, 28] . Soil enzymes are strongly associated with microorganisms and they play an important role in catalyzing reactions indispensable in life processes of soil microorganisms, decomposition of organic residues, circulation of nutrients, and forming organic matter and soil structure [29] [30] [31] to say that without proper soil enzyme systems, soil life processes will be disturbed. Dehydrogenase (DHA) (Fig.  2 ) and phosphatase activities (Fig. 3) are good indicators of changes of soil parameters and widely used microbial parameters of soil biology.
Dehydrogenases, as respiratory chain enzymes, play a major role in energy production by organisms. They oxidize organic compounds by transferring two hydrogen atoms. Dehydrogenases are closely related to the microbiological activity of soils as they occur not only within living cells, where they catalyze the oxidoreductive processes [9] . They reflect physiologically active microorganisms and thus provide correlative information on biological activities and microbial populations in soils [4] . The statistically significant differences in dehydrogenase activity were observed in 2008 after four years of research (Fig. 2a) . Since then, we observed a statistically significant increase of dehydrogenase activity in soil. As for the total number of bacteria, the highest dehydrogenase activity was observed in two phases: flowering and after harvest (Fig 2b) . The dehydrogenase activity was statistically significantly higher in soil under maize cultivated in the no-tillage system (direct sowing) (Fig 2c) , which is in correlation with the increased number of the most examined groups of microorganisms.
Seasonal variations in both microbial community and soil enzymatic activities reflect the combined effects of temperature, moisture, substrate availability, and other environmental factors. Dehydrogenases belong to the enzymes displaying strong fluctuations in their activities caused by season, as they are in close relation to microbial activity dynamics. The highest DHA levels in summer and autumn and the lowest in winter were observed by Yuan and Yue [11] . Similar to our observations, related high DHA activity from spring to autumn was noted by Włodarczyk [10] . The author performed analysis on an orthic luvisol sample showing that DHA demonstrated a seasonal pattern and reached the highest values in autumn and the lowest in winter [10] . The maximum DHA in autumn and its reduction in winter was also observed by Tripathi et al. [8] . The level of enzymatic activity of soil depended greatly on the season [9, 27] . The studies of other authors indicate that enzymes are comparatively active in spring, while in summer they follow a decrease of their activity [8] . This phenomenon was probably connected with the quantitative composition of root secretions of maize. Plants, through their own root secretions as well as by the substances developing as a result of post-harvest remains, act in different ways on soil microorganisms. Maize produces significant quantities of root secretions that may include aminoacids, hydrocarbons, vitamins, organic acids, and enzymes. These substances inhibit or stimulate the growth and development of microorganisms [26, 32] .
Another factor that can influence the biochemical activity of soil is the method of plant cultivation. Plant cultivation in monoculture and intensive cultivation have a negative impact on the enzymatic activity of soil [25] [26] . Plant cultivation in monoculture continued for many years is accompanied by a one-sided exhaustion of nutritive components, as well as by changes in the development of soil microorganisms. Microbiological degradation of dead plant tissues and secretions of some plant metabolites to the soil by roots cause changes in the microbial community and is followed by a selection of some species of microorganisms [33] [34] .
In most cases the authors have mentioned that soil microbial abundance and soil enzymatic activity were significantly greater in the crop rotation with full tillage (conventional tillage) compared with the monoculture with direct sowing. Differences in monoculture have strongly influenced soil enzyme activity, but without a major effect on microbial communities. In our study, there was no negative impact observed on biological activity in soil under maize cultivated in long-term monoculture. Enzyme activity is connected not only with plant species, but it also depends on the amount of plant remains from the depth of the root system. It can therefore be stated that maize is a very good plant to be grown in monoculture due to the large amount of root exudates in the soil.
Several environmental factors -including soil moisture, oxygen availability, oxidation reduction potential, pH, organic matter content, depth of the soil profile, temperature, season, and soil fertilizationcan significantly affect enzymatic activities in the soil environment [7, [35] [36] .
Soil phosphatase can also be a good indicator of biological activity in soil [7, 34] . Determining alkaline and acid phosphatase in the soil samples gives us large amount of information about biological characteristics of the soil. Phosphatase activity in soil reflects the activity of enzymes associated with soil colloids and humic substances and frees phosphatases in the soil solution and phosphatases associated with live and dead cells, plants, and microorganisms [34] [35] .
The relationship between enzymatic activity and soil properties, especially organic carbon content, the presence of clay minerals, and soil sorption complex have been observed by many researchers [4, 7, 34] .
According to Nannipieni et al. [7] , alkaline phosphatase, catalase, and amidase are the best indicators of biological activity and population size of soil microorganisms. The activity of these enzymes showed the highest correlation with microbial biomass and microbial community in soils. Also, soil phosphatase activity is positively correlated with the number of soil microorganisms and organic carbon content, total nitrogen, and pH. The highest acid phosphatase activity was observed in soil under growth in maize in monoculture (direct sowing) (Fig 3a) . There were no statistically significant differences in acid phosphatase activity in 2007-12 (Fig. 3b) , and also the phases of plant growth (Fig. 3c) . The highest alkaline phosphatase activity was observed in 2009. There were no statistically Fig. 3b) .
Cultivation of plants in monoculture can lead to adverse changes in the soil environment related to the reduction of soil microbial diversity, as well as limiting the impact on crop yield [5, [25] [26] . Long-term crop plants in monoculture induce and accelerate soil degradation processes that can lead to a reduction in the number of micro-organisms of the soil environment and the decline of organic matter [12, 31] . The cultivation of maize in monoculture in a no-tillage system in the conditions of our country is a good alternative, but requires further systematic research on system factors: climate-soilplant. Maize is one of the plants whose cultivation is very labour-and energy-intensive, hence agricultural practice is looking for cheaper and simpler solutions in the agricultural arena. Cultivation of maize in a no-tillage system is the most simplistic and is very attractive because it facilitates the organization of the field.
Conclusions
1. The highest biological activities of the soil were observed where direct sowing in monoculture was implemented. 2. The statistically significant increases in soil enzymatic activity and total number of bacteria and actinomycetes in soil were observed in soil where maize was cropped continuously (monoculture with zero tillage). 
